Introduction
============

Chronic obstructive pulmonary disease (COPD) is a disease that affects the lungs, but it also results in several related systemic manifestations, including dyspnea, exercise intolerance, peripheral muscle dysfunction, nutritional changes, and recurring exacerbations leading to hospitalization and decline in quality of life.[@b1-copd-10-125]--[@b5-copd-10-125]

The treatment program conventionally used for COPD patients is pulmonary rehabilitation.[@b3-copd-10-125]--[@b7-copd-10-125] The objective of that treatment program is to improve physical performance and reduce dyspnea to prolong the life of COPD patients. However, patients who have a higher intolerance to exercise may fail to benefit from a traditional program of pulmonary rehabilitation, thereby increasing the demand for health services.

One therapeutic alternative for treating COPD patients during rehabilitation is whole-body vibration (WBV), which is a recently described method of neuromuscular training that has been used in various conditions.[@b8-copd-10-125]--[@b15-copd-10-125] Although some previous studies have shown that WBV training improves muscle strength,[@b8-copd-10-125],[@b9-copd-10-125] balance,[@b10-copd-10-125],[@b11-copd-10-125] and bone density[@b12-copd-10-125] in neuromuscular disease patients, frail elderly patients, and postmenopausal women, the effect of WBV training in the COPD population remains unclear.

WBV acts on the muscle spindles, resulting in the activation of α motor neurons, which causes muscle contraction;[@b16-copd-10-125]--[@b18-copd-10-125] thus, WBV is an alternative to conventional treatment for muscle strength and physical conditioning.[@b19-copd-10-125] We found several articles that investigated the vibration platform in COPD patients.[@b20-copd-10-125]--[@b22-copd-10-125]

We found one randomized clinical trial that addressed the effects of WBV associated with a conventional rehabilitation program;[@b20-copd-10-125] another study that investigated the effects of WBV in COPD patients without reporting changes in quality of life in those subjects;[@b21-copd-10-125] and a third study that investigated the effects of WBV on daily living activities, gait, dyspnea, and some physiologic parameters.[@b22-copd-10-125] More studies are necessary to clarify the WBV effects on COPD patients, mainly for patients that present with a higher level of pulmonary obstruction and exercise intolerance. For these patients, systemic alterations may further affect their clinical condition, reducing functional capacity, increasing dyspnea, decreasing quality of life, and increasing mortality.[@b23-copd-10-125]

As WBV is promising for the treatment of subjects with more severe COPD, the primary objective of this study was to investigate the effect of 12 weeks of training on a vibrating platform (WBV) on functional performance. The secondary objective was to evaluate the quality of life of subjects with COPD. We hypothesized that the WBV program would improve the distance walked (DW) in the 6-minute walk test (6MWT) and the quality of life in these patients.

Methods
=======

This was a randomized crossover pilot study developed in the Cardiopulmonary Laboratory of the Physiotherapy Department, Universidade Federal de Pernambuco. Patients with a clinical diagnosis of COPD were sent to this laboratory from referring hospitals. This study was performed between June 2011--June 2013 and was registered on [clinicaltrials.gov](http://clinicaltrials.gov) (NCT01649310). This protocol was approved by the local Research Ethics Committee according to the Declaration of Helsinki. All volunteers gave informed consent to participate in this study protocol.

Sample
------

A total of eleven subjects (eight males, three females) who all had a clinical and functional diagnosis of COPD from public hospitals located in the metropolitan region of Recife-Brazil participated in this study. The sample size was determined from a previous study that included four subjects with COPD who underwent WBV, taking into account the mean and standard deviation of the DW in the 6MWT obtained in the program (before: 402±100.96 m; after: 484±62.88 m). The sample calculation considered two degrees of freedom with a power (1-beta) of 80% and an alpha of 5% using G\*Power 3.1.[@b24-copd-10-125],[@b25-copd-10-125] The study had the following inclusion criteria: diagnosis of COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD),[@b1-copd-10-125] post-bronchodilator forced expiratory volume in 1 second (FEV~1~) \<30% predicted, stable disease (no exacerbation, hospital admission, or change in treatment in the previous 3 months), smoking history, environmental or occupational exposure to pollutants, former smoker for at least 1 year, a sedentary lifestyle, and preserved cognitive functioning. The exclusion criteria were the following: pacemaker, advanced osteoporosis, pins or metal plates, labyrinthitis, and hemodynamic instability.[@b26-copd-10-125],[@b27-copd-10-125]

Randomization
-------------

After being enrolled in the study, subjects were randomized into two groups: control group (CG), which was characterized by no physical activity of any type during the study, and intervention group (IG), who performed the training protocol using the vibration platform. All subjects participated in the CG and IG, with the order of participation of subjects in the groups determined by randomization through the drawing of opaque and sealed envelopes. Both groups were assessed immediately after enrollment. For the IG, evaluations were carried out at the beginning of the study and at the end of the vibrating platform training. The IG then underwent a washout period of 3 months without any training. The CG was initially evaluated and remained on a waiting list for 3 months. They were reevaluated at the end of that period prior to initiating the intervention. The washout period had a similar duration to the training period (12 weeks).

The researchers that assessed the subjects were not the same as those that led the treatment. Three researchers were involved in the study: one was responsible for screening and assessment, the second was responsible for the randomization of individuals, and the third was responsible for applying the intervention protocol on the vibrating platform.

Outcome measures
----------------

Physical assessments and interviews were carried out to obtain data, including age, sex, anthropometric data (weight, height, body mass index \[BMI\]), smoking habits (number of cigarettes/day and years of smoking), number of existing comorbidities, spirometry data (forced vital capacity \[FVC\]% predicted, FEV~1~% predicted, and the FEV~1~/FVC ratio), clinical data, and demographic data. The outcome measures were obtained at baseline and after 3 months of WBV treatment for the WBV group as well as after the 3-month washout period for the control group.

Primary and secondary outcome measures
--------------------------------------

The primary outcome of the study was functional capacity, which was evaluated by the 6MWT. The walk tests were performed by the same experienced tester at the same time of day for each subject and were carried out in the same open 34 m corridor. The procedure followed the recommendations of the American Thoracic Society.[@b28-copd-10-125] Patients were allowed to stop and rest during the test but were instructed to resume walking as soon as they felt able to do so. During the test, peripheral oxygen saturation (SpO~2~) and heart rate (HR) were measured through a pulse oximeter (Onyx model 9500; Nonin Medical Inc., Plymouth, MN, USA). At the end of the test, the DW, the duration of the walk (TW), and the perception of effort through the index of perceived exertion (IPE)[@b29-copd-10-125] were recorded. The IPE consisted of a scale for perceived efforts from 'very, very light' to 'very, very hard', with scores ranging from 6 to 20; the higher values indicated greater effort in performing the test.

Quality of life was collected through St George's Respiratory Questionnaire (SGRQ) as a secondary parameter and examined the factors that respiratory disease inflicts on patients, such as symptoms, activity, and psychosocial impacts. Each domain has a maximum possible score; the points of each response are added together, and the total is referred to as a percentage of the maximum. Values \>10% show that the quality of life has been altered in that domain. Changes ≥4% after an intervention in any domain or the sum total of points indicate a minimally significant change in the quality of life of the subjects.[@b30-copd-10-125]

Intervention
------------

The intervention included three sessions per week on alternate days with 4 weeks at low intensity and 8 weeks at high intensity. The training was designed to perform static work of the lower limbs and was conducted with the subjects in a static position, with their feet 200 mm apart[@b31-copd-10-125] in a semi-squatting position at an angle of 120°--130° with the upper limbs lightly flexed in support.[@b20-copd-10-125] For the first 4 weeks, training was carried out for 10 minutes, with 30 seconds of low intensity training (2 mm) interspersed with 60 seconds of standing rest. For weeks 5--8, training was conducted for 15 minutes, and from weeks 9--12, training was conducted for 20 minutes, with 60 seconds of high intensity training (4 mm) interspersed with 30 seconds of standing rest in an anatomical position.

For the training, a vibrating platform (MY3; Power Plate, London, UK) at a frequency of 35 Hz for 30 or 60 seconds at either high amplitude (4 mm) or low amplitude (2 mm) vibration was used.

Each training session included 10 minutes of exercise stretching for the upper and lower limbs followed by the WBV.

[Figure 1](#f1-copd-10-125){ref-type="fig"} shows the study flowchart of the distribution of patients in both groups.

Statistical analysis
--------------------

After checking the normality (Shapiro--Wilk test) and homogeneity of variance (Levene's test), an analysis of variance (ANOVA) for repeated measures (2×2) was used to compare the principal effects in relation to the time and the interaction between the time (before and after) and groups (control × intervention), for the following measures: DW, TW, IPE, and SGRQ (domains: total, symptoms, activity, and impact). For these variables, when necessary, a paired *t*-test was used for post-hoc comparisons, and the paired *t*-test was used to compare pre-and post-intervention results in the groups. The Mauchly test of sphericity was used to compare the variation (delta) between the measures. The magnitude of the results was determined by calculating the effect size *d*. According to Cohen,[@b32-copd-10-125] *d*=0.2 is a small treatment effect, *d*=0.5 is a moderate effect, and *d*=0.8 is a large effect. To perform the statistical analysis, we used the program SPSS (v18.0; IBM Corporation, Armonk, NY, USA). Differences were considered significant at *P*≤0.05.

Results
=======

Participant characteristics
---------------------------

Compliance with the vibration intervention was excellent (100%), and the participants completed all training sessions with no adverse effects reported during the study period. Of the 15 subjects enrolled, only eleven completed the platform training: one patient died (chronic kidney disease complications) and three had financial difficulties with transportation to the treatment location. The average age of the group was 62.91±8.82 years, and 72.7% were male. [Table 1](#t1-copd-10-125){ref-type="table"} presents the initial characteristics of the subjects, and [Table 2](#t2-copd-10-125){ref-type="table"} compares the values obtained in the DW, TW, and IPE for both groups.

Effects of the intervention
---------------------------

### 6-minute walk test

The DW increased after the WBV period (413.09 m, 95% confidence interval (CI): 344.85--481.32 m) compared with the control period (337.82 m, 95% CI: 273.58--402.06 m, *P*=0.027). There was a significant interaction between group and time (*P*=0.003), indicating the change in DW differed between the WBV and control periods. This was confirmed with a post-hoc analysis that showed a significant improvement in DW after the WBV period (*P*=0.005) but not after the control period (*P*=0.773).

No differences in the TW were found between the groups (*P*=0.097) or in time (before and after; *P*=0.697).

The IPE showed no difference between the groups (*P*=0.128), but it did present a difference in time (*P*=0.045). The post-hoc analysis revealed that this difference occurred between the end of the control period and after the WBV training period (*P*=0.016).

The difference between the DW at the end of WBV training and the end of the washout period was 75 m (WBV: 413.09±101.56 m, control: 337.82±95.62 m, 95% CI: 27.98--122.56 m, *P*=0.005).

The Cohen's *d* effect size for the DW and TW were large (*d*=0.8) and moderate (*d*=0.5), respectively.

### Quality of life (SGRQ)

In relation to the SGRQ, it was noted that all areas (total, symptoms, activity, and impact) presented changes at the end of the study ([Table 2](#t2-copd-10-125){ref-type="table"}).

There was a total reduction in the domain scores after WBV training (*P*=0.001, power =0.978) compared to the control period, in contrast to the time (before and after; *P*=0.001). The post-hoc analysis revealed that this reduction occurred at the end of the treatment period (*P*=0.044).

There was a reduction in the symptoms domain scores after WBV training (*P*=0.016) in contrast to the control period, compared to the time (before and after; *P*=0.016). The post-hoc analysis showed that this reduction occurred at the end of the treatment period (*P*=0.016).

The reduction of activity domain scores after WBV training (*P*=0.040) was compared to the control period in contrast to the time (before and after; *P*=0.045). The post-hoc analysis revealed that this reduction occurred at the end of the control period and at the end of WBV training (*P*=0.040).

The reduction of impact domain scores after WBV training (*P*=0.052) was compared to the control period, in contrast to the time (before and after; *P*=0.052). The post-hoc analysis showed that this reduction occurred at the end of the control period and at the end of WBV training (*P*=0.052).

When the delta value was calculated for the difference between the initial and final moments of both groups, only the DW increased (*P*=0.003); the remaining variables did not show significant changes ([Table 3](#t3-copd-10-125){ref-type="table"}).

The Cohen's *d* effect size for all dimensions of SGRQ were large for the total and symptom domains (*d*=0.8, both) and small-to-moderate for the activity (*d*=0.4) and impact domains (*d*=0.6).

Discussion
==========

The current study suggests that the vibration program had beneficial effects on the DW in the 6MWT and provided improvement in all areas of quality of life (SGRQ) in GOLD IV patients with COPD. Our literature search uncovered one study that investigated the effect of WBV on functional capacity, but not on quality of life, in subjects with COPD in isolation from other interventions.[@b21-copd-10-125] The results of our study support the inference that physical training on the platform improves functional capacity in a similar manner to pulmonary rehabilitation programs that involve similar intensities and modes of physical exercise.[@b33-copd-10-125]

The standardized Cohen's *d* effect size indicated a small-to-large mean effect of the vibration intervention on the performance of the 6MWT and all dimensions of SGRQ.

6-minute walk test
------------------

Our study found an average increase of 75 m in the DW in the 6MWT; this was greater than the values reported by Puhan et al[@b34-copd-10-125] and Redelmeier et al[@b35-copd-10-125] who suggested a difference of at least 35 and 54 m, respectively. Our results showed gains in the DW. Although the number of volunteers with COPD involved in our protocol was lower than in the previous studies, we did perform a pilot study to determine the minimum number of individuals to participate in this protocol to minimize type I and II errors. The observed improvements in functional capacity after the WBV program should be highlighted, mainly because of the level of obstruction presented by patients involved in this study. Exercise intolerance in this group of patients hinders adherence to training programs that involve physical effort, particularly in more advanced stages of the disease.

Recently, Pleguezuelos el al[@b21-copd-10-125] reported an improvement of 80.2 m in the DW in COPD subjects that were trained with a WBV protocol. Although the results presented by those authors were promising, the protocol used was different from ours in regards to the exposition, duration of vibration, amplitude of vibration, level of obstruction of the COPD patients enrolled, and the outcomes assessed. Despite those differences, for both protocols, we observed an improvement in functional capacity evaluated through the 6MWT. Gloeckl et al also showed improvement in functional capacity as measured by the 6MWT in a group treated with WBV. However, these authors incorporated this training into the rehabilitation program; thus, it is difficult to verify that the observed improvement in functional capacity resulted only from the vibration platform.[@b20-copd-10-125]

No changes were observed for the TW at the end of the intervention and in relation to the IPE. We observed that the reduction in the perception of effort at the end of the test indicates that performance efforts occurred at levels that were safe for the COPD subjects, especially for those with greater clinical impairment. Similar results were reported by Furness et al[@b36-copd-10-125] in a community-based proof-of-concept trial; they demonstrated that WBV generated a 'slight' and 'very slight' improvement in functional capacity according to the Borg category-ratio CR-10.

Quality of life (SGRQ)
----------------------

Although we did not analyze the correlation between 6MWT and quality of life, some studies showed significant changes after the Pulmonary Rehabilitation Program.[@b37-copd-10-125]--[@b39-copd-10-125] To date, the only study to assess quality of life in COPD patients treated with a vibrating platform was that of Gloeckl et al they showed improvement by the Chronic Respiratory Questionnaire (CRQ). However, no studies have shown the effects of WBV on quality of life in very severe COPD patients. Gloeckl et al carried out a pulmonary rehabilitation program associated with training on a vibrating platform; they observed improvement in almost all domains of the CRQ, and those improvements reached the minimum clinically important difference (MCID).[@b20-copd-10-125] In a similar study, Pleguezuelos et al[@b21-copd-10-125] did not evaluate quality of life, which, in our opinion, would have generated relevant data. In our study, the improvement in the scores of the quality of life questionnaire reflects the intervention performed because WBV was the only proposed intervention during this study. The improvements in quality of life after the training program indicate that WBV is a positive intervention in patients with severe airway obstruction.

Physical inactivity in subjects with COPD causes worsening of functional capacity and contributes to deterioration of the quality of life of these subjects;[@b39-copd-10-125] thus, physical activity is necessary in these patients.[@b1-copd-10-125] For those subjects with advanced stages of airway obstruction, which makes it impossible for them to participate in pulmonary rehabilitation programs, the vibrating platform can serve as a treatment alternative that provides functional improvement and maintains physical activity levels.

Study limitations
=================

Our study has some limitations; thus, the results should be interpreted in the context of its design. First, our sample size was relatively small, although the sample size was calculated. A larger randomized controlled trial is needed to further investigate the possible positive effects of vibration on COPD subjects, mainly in individuals who present with a higher level of obstruction (GOLD IV). The other limitation of this study was that we did not have a sham group. The improvement in functional capacity should be questioned because of the semi-squatting position used, but another similar study showed similar results.[@b15-copd-10-125] If the posture adopted during the study was responsible for our findings, the improvements in quality of life that were observed would still need to be explained.

Conclusion
==========

These preliminary results suggest that WBV is a safe and feasible treatment to improve functional capacity in the 6MWT and all domains of the SGRQ quality of life in patients with COPD. However, further studies with a larger number of patients are needed to establish the long-term effect of WBV on functional capacity and quality of life in these patients.
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###### 

Initial characteristics of the subjects with COPD that participated in the study

  Variables                                                COPD (n=11)   95% CI
  -------------------------------------------------------- ------------- ---------------
  Age (years)                                              62.9±8.82     56.9--68.8
  BMI (kg/m^2^)                                            25.10±5.35    21.50--28.70
  Number of cigarettes/day when smoking                    32.27±10.80   25.01--39.53
  Years of smoking (years)                                 38.09±12.08   29.97--46.21
  SpO~2~ (%)[\*](#tfn2-copd-10-125){ref-type="table-fn"}   93.45±2.29    91.91--95.00
  HR (bpm)[\*](#tfn2-copd-10-125){ref-type="table-fn"}     81.64±14.63   92.84--113.16
  FEV~1~% predicted                                        14.63±11.14   20.93--35.90
  FVC% predicted                                           48.84±15.21   38.62--59.06
  FEV~1~/FVC                                               47.39±11.63   39.57--55.20

**Notes:** Data were expressed as mean ± standard deviation.

Basal measures.

**Abbreviations:** BMI, body mass index; bpm, beats per minute; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; HR, heart rate; SpO~2~, peripheral oxygen saturation.

###### 

Characteristics of the groups before and after completion of the WBV and control periods

  Variables                  Before          95% CI           After           95% CI
  -------------------------- --------------- ---------------- --------------- ----------------
  **WBV group (n=11)**                                                        
  DW (m)                     348.91±105.06   278.33--419.49   413.09±101.56   344.85--481.32
  TW (s)                     279.09±69.94    222.83--335.35   297.90±69.94    250.91--344.90
  IPE                        12.45±4.10      9.69--15.21      10.63±2.37      9.03--12.23
  **SGRQ**                                                                    
  Total                      41.50±18.97     28.75--54.25     28.21±14.21     18.66--37.76
  Symptoms                   36.89±20.67     23.00--50.78     21.03±15.24     10.79--31.26
  Activity                   59.24±25.19     42.31--76.17     50.39±19.17     37.50--63.27
  Impact                     32.84±18.79     20.21--45.46     21.40±17.31     9.76--33.03
  **Control group (n=11)**                                                    
  DW (m)                     352.55±124.70   268.77--436.32   337.82±95.62    273.58--402.06
  TW (s)                     280.72±84.66    223.84--337.60   251.27±110.35   177.13--325.41
  IPE                        14.18±3.40      11.90--16.47     11.01±4.12      8.24--13.78
  **SGRQ**                                                                    
  Total                      44.75±14.06     35.30--54.20     41.50±18.97     28.75--54.25
  Symptoms                   34.18±20.38     20.48--47.87     36.89±20.67     23.00--50.78
  Activity                   65.32±17.88     53.30--77.33     59.24±25.19     42.31--76.17
  Impact                     36.31±15.83     25.67--46.95     32.84±18.79     20.21--45.46

**Notes:** SGRQ: total, symptoms, activity, and impact. Data were expressed as mean ± standard deviation.

**Abbreviations:** CI, confidence interval; DW, distance walked; TW, walking time; IPE, index of perceived exertion; SGRQ, St George's Respiratory Questionnaire; WBV, whole-body vibration.

###### 

Average of changes (delta) with regards to the SGRQ and 6MWT among patients in the intervention and control groups

  Variables   WBV n=11   Control n=11   Mean    *P*-value
  ----------- ---------- -------------- ------- -----------
  DW (m)      64.18      −14.72         78.90   0.003
  TW (s)      18.81      −29.45         48.26   0.124
  IPE         −1.81      −3.16          1.35    0.474
  Total       −13.28     −3.25          10.03   0.308
  Symptoms    −15.86     2.71           18.57   0.071
  Activity    −8.85      −6.07          2.78    0.823
  Impact      −11.44     −3.47          7.97    0.469

**Notes:** SGRQ: total, symptoms, activity, and impact. Student's *t*-test for independent samples; *P*≤0.05 significance level.

**Abbreviations:** 6MWT, 6-minute walk test; DW, distance walked; TW, walking time; IPE, index of perceived exertion; SGRQ, Saint George Respiratory Questionnaire; WBV, whole-body vibration.
